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ABSTRACT 

A method for synthesizing DNA directly on glass is 
presented. The process is based on pretreatment of 
glass with boiling hydrochloric acid, thus exposing the 
hydroxyl groups of the glass. Phosphite-triester chem- 
istry was used to directly attach the first nucleotide to 
a glass plate via a covalent bond between the hydroxyl 
group of the glass and the phosphate group of the 
protected deoxyribo nucleotide. Standard molecular 
biology procedures, such as ligation and restriction 
digest, were efficiently performed on the glass syn- 
thesized oligonucleotide, with the added" benefit of 
extreme ease of handling. 

Attachment of DNA to a solid support is of interest for many 
biocechnologicaj and molecular biology applications (1-3). 
Presently DNA is synthesized on a solid support by the 
incorporation of a spacer between the solid support (usually 
Controlled Pore Glass^CPG) and the first nucleotide. This 
technology is highly efficient and is advantageous when the 
synthesized DNA needs to be detached from the support, which 
is usually the case. However, in many cases a strong bond 
between the support and the DNA molecule is required (4,5). In 
such cases the lability of the ester bond between the spacer and 
the DNA molecule becomes a drawback. Here we report on a 
simple and efficient method for synthesizing DNA direcdy on 
glass plates. 

To replace the weak ester bond between the support and first 
nucleotide, we employed phosphite-triester chemistry (6,7) CO 
directly attach the first nucleotide to a glass plate. This process 
forms a covalent bond between the hydroxyl group of the glass 
and the phosphate group of the protected deoxyribonucleotide. 
This covalent bond is similar in structure and strength to the 
phosphodiester bonds within the DNA molecule. Additional 
chemical synthesis of more deoxyribonucleosides yields a 
deoxyoligonucleoride of the required length. The oligodeoxynu- 
cleotide remained intact and attached to the glass following 
deprotecdon. Standard molecular biology procedures, such as 
ligation and restriction, can be efficiently performed on the 
deoxyoligonucleodde that remained attached to me glass support 
The macroscopic solid support makes it extremely easy to 
nianipuiate me DNA throughout the various reactions. 



The synthesis was performed on 9 mm 2 glass pieces cut from 
a microscopic slide (Knittal, Germany) preconditioned by 
immersion in 32% HC1 at 100° C for 3 h, in order to expose die 
hydroxyl group of the glass. The glass pieces were packed into a 
standard automated DNA synthesis column (-10 pieces per 
column). The phosphorylation was carried out with an automated 
DNA synchesi2er (Applied Biosystems, Foster City, CA) with a 
minor variation of the manufacturer's protocol (15 min phospho- 
rylation step). The efficiency of oligonucleotide chain growth 
•was monitored by measuring the visible absorbance at 498 run of 
the released DMT protecting group in acetonirrile solution. The 
yield of each cycle was (from the 6th cycle on) with an 
estimate surface density of 10 w (oligonucleotide chains^cm 2 
of-glass area). The final deprotection was done manually by 
incubating the glass pieces for 6 h in 25% aqueous NH4OH at 
55 °C Absorption measurements of the NH4OH supernatant at 
260 Dm showed no loss of DNA from the glass. 

To check whether additional double stranded DNA fragments 
can be Ugated and subsequently digested, a dsDNA fragment was 
prepared as follows. Lambda DNA was digested wiihPmel (brunt 
end cutter) zndAffH. (which leaves a 5'-TTAA-3 r overhang): A 2- 
kb fragment was excised and purified from 0.8% agarose gel. The 
fragment was extended with o> 32 P labeled deo\ythymidine 
(dTTP, Amersham, 3000 Ci/nunol) and Klenow polymerase 
resulting in 5'-T-T-3' overhang. 32 P labeling occurred also at the 
¥ blunt end due to the exchange of terminal thyrnidine by the 
3'-*5' exonuclease activity of the Klenow eti2vme. The sequence 
synthesized on glass corresponded to the anrisense of the (-47) 
Universal primer (NE Biolabs) with two additional deoxyadeno- 
sine residues at the 5' end, resulting in a total 26mer oligonucieo- 
tide.grown on the glass. This oligonucleotide was phosphorylated 
with T4 polynucleotide kinase. The lambda DNA fragment 
together with the complementary (-47) Universal primer (NE 
Biolabs) were ligated to the strand synthesized ou the glass to 
create a complete double stranded DNA molecule. The ligation 
reaction was monitored by Cherenkov ernissioi). Efficiency was 
estimated to be 10^% of the sues that were synthesized on the 
glass (10 s fragments/cm 2 ). Following ligation, the glass was 
washed three times with water, incubated with 0.2 M NaCl for i 5 
min to remove nonspecifically bound DNA, and washed again 
with water. No decrease in Cherenkov counts following washes 
was observed. As a control, an identical reaction without the 
ligase was done. The Cherenkov counts in the control (represent- 
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ing the nonspecific binding) were 10-fold less. The ligated DNA 
was cut with A£sel, which cuts between the two radioactively 
labeled thymidines at the ligation Site. The c.p jn- count from the 
glass decreased by 65% following Mstl digestion, indicating 
complete removal of the ligated DNA (taking into account the 
blunt end labeling). 

In a separate experiment, the same DNA fragment ligared to 
glass was cut with RsaL which cues at 361 bp from the ligation 
Site. A 30% decrease in the Cherenkov signal was observed, 
consistent with the removal of ihe blunt end labeled DNA. After 
washing, the ligated DNA was further cut with Bsrl which cuts 
12 bp below the ligation site (within the sequence originally 
synthesized directly on the glass). A 60% decrease in Cherenkov 
counts was observed, showing that the DNA fragment was indeed 
ligared to the DNA synthesized on glass. The reduction in the 
efficiency of the Bsrl activity was probably a result of the 
proximity of the digestion siie to the glass. The digestion products 
were separated in 1% denaturing polyacrylamide gel. As shown 
in Figure 1, the Bsrl digest resulted in a 12 bp increase in length 
of the ligared DNA, further proving the ligation step. 

In summary, these results confirm correct synthesis, ligation 
and digestion steps of glass attached DNA. DNA synthesis on 
pre treated glass is highly efficient and has several advantages 
over the conventional CPG-iniriated synthesis: the ester bond 



between the glass and the DNA is of similar structure and strength 
to the phosphodiester bonds in DNA; the glass-attached DNA is 
extremely easy to handle and it is well suited for all conventional 
procedures in molecular biology with the added value of 
improved puriry and reduction in time due to fast buffer changes. 
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